High temperature stress is major constraint to bread wheat (Triticum aestivum L. Em. Thell) production. Generation of information on the effect of high temperature stress on various traits may be helpful for developing thermotolerance bread wheat variety. An experiment was conducted on a set of 10 diverse genotypes, their 45 F 1 s and F 2 s for identification of high temperature stress genotype. The experiment was conducted under normal and late sown condition. The parent HD 2851, P8W 520, and HS 448, and the crosses HS 448 × PBW 520, UP 2614 × K 209 and PBW 520 × HD 2851 for grain yield per plant were least affected under late sown conditions. Heat stress intensity (Dvalue) clearly indicated that grain yield per pant biological yield per plant and grain yield per spike suffered revively under late sown conditions.
Introduction
Wheat is a self-pollinated crop originated in South East Asia. It is the second main source of world's food energy and nutrition. It is grown on about 221.70 million hectares in a range of environments, with annual production of about 655.8 million tonnes (FAO, 2010) . India is the second largest wheat producing nation and contributes approximately 11.83% (77.60 million tonnes) to the world wheat production from about 12.50% (27.82 million hectares) of global area during 2009 -2010 (FAO, 2010 . The major wheat producing countries are China, India, USA, the Russian Federation, and Australia. These five countries together contribute more than half of the global wheat production.
During the last four decades of the 20 th century, the global wheat production is doubled from 3 to 6 billion and it is estimated that by the year 2012, it will reach 8 billion (Prasad and Nagarajan, 2004) . Globally, demand for wheat by the year 2020 is forecasted around 950 million tonnes to meet future demands imposed by population growth. This target will be achieved only, if global wheat production is increased by 2.5% per annum. This must he achieved under reduced water availability, a scenario of global warming, and evolving pathogen and pest populations.
With the view of the major constraints lying to achieve higher yield plateau in wheat, there is further need to develop high yielding and rust resistant wheat varieties suitable for mega environments of the country. To enhance the production and productivity in wheat cultivation particularly in warmer areas, new set of varieties having heat tolerance are required. Breeding of heat stress tolerance forms is an integral component of wheat breeding programmes at both national and international level. Thermo-tolerance in wheat cultivars requires understanding of the physiological responses of wheat crop of this stress, which will help in identifying traits, to be used as selection criteria. The present study was carried out to understand the effect on yield attributing traits under high temperature conditions and identification of tolerant genotypes suitable for this environment that the yield target can be met out under changing conditions.
Materials and Method
Ten diverse genotypes of bread wheat (Triticum aestivum L. em. Thell.), namely, HD 2881, HS 448, WI-I 789, HUW 468, Up 2614, NW 3015, PBW 520, K 209, HD 2851, and Raj 4063 were selected on the basis of a broad range of genetic diversity for major yield components, geographical origin and their suitability for different yield traits. The experiment was conducted during the rabi season at Research Farm of Agricultural Research Station, Durgapura, Jaipur. It is situated at 26° 51' N latitude and 75° 47' E longitude and an altitude of 300 meters above mean sea level in Rajasthan, India.
Ten parents and their resulting 45 F 1 s and 45 F 2 s were grown in a randomized block design with three replications under normal (E 1 -20 th November), and very late (E 2 -20 th December) sown conditions. In each replication, parents and F 1 s were sown by dibbling the seed in a plot of two rows of 4 m length and the F 2 s in a plot of six rows of 3 m length in each environment.
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A spacing of 30cm × 10cm was maintained in all the plots for row to row and plant to plant. Non-experimental rows were planted all around the experimental plot to avoid border effects. Recommended plant protection procedures were followed for raising the crop in all the environments. Observations were recorded on 20 randomly selected plants from each replication in case of parents and F 1 s, while sixty in F 2 generation in both environments separately for 14 morphological/agronomical parameters viz., days to heading, days to maturity, plant height (cm), number of tillers per plant, flag leaf area (cm 2 ), peduncle length (cm), spike length (cm), number of spikelets per spike, number of grains per spike, grain yield per spike (g), 1000-grain weight (g), biological yield per plant (g), harvest index (%), and grain yield per plant (g).
Heat susceptibility index (HSI) was calculated for grain yield and other attributes over high temperature stress (late sown) and non-stress environment (normal sown) by using the formula as suggested by Fischer and Maurer (1978) . The HSI values were used to characterize the relative tolerance of genotypes based on minimization of yield losses compared to normal environmental conditions. The differences between genotypes for different characters were tested for significance by using standard techniques for analysis of variances.
Results and Discussion
The results obtained from the analysis of variance studies showed highly significant differences among all the characters and genotypes in all the sowing environments indicating the influence of sowing condition on genotypes and traits. Further, it was observed that all the characters respond to high temperature stress in different way in different genotypes.
The mean of parents, F 1 s and F 2 s for different characters decreased tinder F 2 environment (late sown) in comparison to E 1 environment (normal sown) [ Table  1 ]. The results are in agreement with Nagarajan and Rane (2002) , Rashid et al. (2004) , Vivek Raj and Bhardwaj (2004) (E 2 ). An overall appraisal indicated that HD 2851, PBW 520, and HS 448 were found to be good parents for grain yield per plant based on HSI. PBW 520, HS 448 × NW 3015, WH 789 × HD 2851, and WH 789 × PBW 520 for harvest index and WH 789 × K 209, UP 2614 × PBW 520, and NW 3015 × PBW 520 for grain yield/plant were least affected under late sown condition (E 2 ). In general, the crosses WH 789 × K 209, UP 2614 × NW 3015, UP 2614 × PBW 520, and NW 3015 × PBW 520 were found to he good in F 2 generation for grain yield, plant based on HSI (Table 4) .
In order to determine relative tolerance, the heat susceptibility index was estimated for various characters. Based upon the value and direction of desirability, ranking was done for different genotypes as highly heat tolerant (HSI < 0.50), heat tolerant (HSI: 0.51-0.75), moderately heat tolerant (HSI: 0.76-1.00), and heat susceptible (HSI > 1.00). An overall appraisal revealed the parent HD 2851, PBW 520, and HS 448; the Heat stress intensity (D-value) revealed that harvest index, days to heading, number of spikelets/spike, days to maturity, and plant height were less affected by late sown condition, while grain yield per plant, biological yield/plant, flag leaf area, grain yield/spike and peduncle length were highly suffered under E 2 environment.
If we consider D-value i.e. heat stress intensity, it was revealed that days to heading, days to maturity, plant height, number of spikelets/spike, spike length, and harvest index were less affected by late sown condition, while grain yield per plant, biological yield per plant, flag leaf area, grain yield per spike and peduncle length highly suffered under F 2 environment. This clearly indicated that grain yield depends on biological yield and grain yield/spike. Similar results were also reported by Sharma (1993) and Ved Prakash (2007). Blum et al. (1997) emphasized that selection for high biomass yield should bring about positive improvement in grain yield and 1000-grain weight. Thus, biomass yield could he improved by plant height. In the present investigation, plant height significantly contributed towards biomass because less reduction in plant height (D=0.05, 0.10 and 0.11 for parents, F 1 s and F 2 s, respectively) in E 2 environment. Thus, selection for biomass yield is one of the most important ways to improve the productivity under late sown conditions. Most of the traits were adversely affected under late sown conditions. It was, therefore, essential to develop a scale for sorting parents and crosses for their relative tolerance to high temperature. In the present study that based on HSI (i.e. below I), the parental genotype; HD 2851, PBW 520, and HS 448 and the crosses HS 448 × PBW 520, Up 2614 × K 209, and PBW 520 × HD 2851 were least affected under late sown conditions (F 2 ). Parent HD 2851 and the cross PBW 520 × HD 2851 also exhibited good GCA and SCA effects for grain yield per plant, respectively, in late sown environment (F 2 ). These parents and crosses should be further exploited for improvement of grain yield under late sown conditions. The HSI could be taken as important criteria for breeding wheat genotypes suitable for late sown conditions.
